General considerations

Mass transport limitations
Thermochemical limitations
The rate of oxygen removal depends primarily on the volatility (partial pressures) of the original and related oxides and that of the matrix material.
The simplest mechanism is molecular vaporization nAxOs, (c) = A,xO,y (g), 
n reduction by graphite 
Vapor pressures of the elements were taken from
Ref. [9] , that of Sb,O6 from Ref. [10] . We calculated the equilibrium partial pressures for reactions (1)-{5) from the dependence of the equilibrium constants K on the change of the Gibbs function,
given in Refs. [11 13 ]. The equilibrium partial pressures for reactions (5a) and (5b) were computed both for stoichiometric and metal-or telluriumsaturated conditions. The equilibrium partial pressures over sulfur and selenium oxides (reaction (9a)) were calculated for the pressure of the elemental chalcogen of 1 atm or equal to its saturation pressure (for temperatures below the normal boiling point). For tellurides, the sign of the free energy for reaction (9a) (i.e. thermochemical stability of the tellurides) was computed.
Experimental procedures
The primary focus was on the minimum temperature under which a meaningful purification rate can be achieved.
The rate of sublimation under dynamic vacuum (about 10 -s atm or better) was that an increase in the amount of the source by a factor of ten increases the vaporization rate by less than a factor of two. 
Reduction by hydrogen
In(g):
In(c) 
(I)
{To(g)+re2(g)}: 
Reduction by graphite
The calculated equilibrium total pressure of CO and CO2 as a function of temperature (reactions (Sa) and (8b)) is plotted in Fig. 3 Table  5 ). Sulfur and selenium react Table 3 Oxide reduction rates with graphite Oxide Graphite T ("C) Time (h) Reduction more effectively than tellurium, apparently due to their higher volatility relative to that of Te. For 500°C and above, the dependence of the reaction rate on temperature is relatively small ( Table 5 ).
The annealing time may have only limited effect on the process (Table 5 ). The weak dependence of the reaction rate on temperature and time suggests that the rate of reduction of the oxides by chalcogens may be limited by diffusion in the solid oxide/chalcogenide particles. (Table 5 ).
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The formation of chalcogenides depends on the pressure of the chalcogen (Bz) or hydrogen chalcogenide (H/B) (Eq. (9a) and Eq. (9b), respectively) and can usually be performed in closed ampoules.
The process is technically less convenient than purification with H2 but may be useful in some systems.
Specific metal oxides
Bismuth, 9allium, and indium
The three elements form stable oxides of the formula Me203, which vaporize dissociatively. Table 5 The rate of reduction occurs in the presence of gallium and indium, respectively ( Fig. la and Table 2 ). The oxides can also react with sulfur and hydrogen chalcogenides ( with each of the oxides. CdO gets reduced already around 300"C. ZnO is removed by means ofa CVT process at elevated temperature. MnO is not reduced at all. The oxides can be removed by sulfur and hydrogen chalcogenides. CdO can also be removed by selenium and tellurium (Tables 4 and 5 ). CdO is reduced by graphite at 1000'_C, but no apparent reduction of ZnO and MnO is observed at that temperature even after a long annealing (Table 3} .
Copper
There are two copper oxides, Cu20 and CuO. CuO decomposes easily to Cu20 which, in turn, decomposes into copper and oxygen (Fig. lc) 
Lead
The most stable lead oxide is PbO (Pb20, Pb203
PbO2, and Pb304 decompose to PbO below 400C under vacuum). This oxide vaporizes primarily molecularly (Fig. le) 
7. Germanium
Germanium monoxide, GeO, is relatively volatile and vaporizes molecularly (Fig. lg) . However, the congruent sublimation of GeO2 requires high temperatures and is very slow ( (Tables 2-4 and Figs. 2 and 3 ).
Specific non-metal oxides
Equilibrium partial pressures over chalcogens and arsenic and their most stable oxides are shown in Fig. li and Fig. lj (Fig. lj) .
However, our tests did not show any noticeable effect of Te(c) on removal of TeO2 (Table lb) , apparently due to some kinetic limitations under our experimental conditions.
Summary
The 
